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SPECIFICATION 

A METHOD FOR PRODUCING A SINGLE CRYSTAL 
AND AN APPARATUS FOR PRODUCING A SINGLE CRYSTAL 

Technical Field 

The present invention relates to a method for 
producing a single crystal and an apparatus for producing 
a single crystal, more particularly, to a method for 
producing a single crystal with low oxygen concentration 
and with little defect in which defect is excluded over an 
entire radial direction of the crystal. 

Background Technology 

A silicon wafer used for semiconductor devices or the 
like is mainly grown by pulling method (Czochralski Method, 
CZ method) . Czochralski Method (CZ method) has been 
commonly used to produce a single crystal. For example, an 
apparatus for producing a single crystal as shown in Fig. 2 
is used in Czochralski Method. The apparatus 200 for 
producing a single crystal has a crucible 2 for containing 
raw material melt 9 melted by a heater 30 in a chamber 1. 
The apparatus 200 also has a pulling means 7 for pulling a 
single crystal 12 from the raw material melt 9 in the 
crucible 2 with a wire 6 to which a seed holder 5 holding 
a seed crystal 4 at the tip is attached. A heat insulating 
member 8 is also provided to keep desired temperature 
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distribution around the single crystal 12 to be pulled. 

At the time of producing a single crystal, after an 
inert gas is introduced into the chamber 1, the wire 6 is 
extended from the pulling means 7 to immerse the seed 
crystal 4 held by the seed holder 5 into the raw material 
melt 9 in the crucible 2 . Then, after immersing the seed 
crystal 4 in the raw material melt 9 for a moment, the 
wire 6 is wound at the prescribed rate with the pulling 
means 7 to grow the single crystal 12 beneath the seed 
crystal 4, thereby a single crystal ingot with a 
prescribed diameter is produced. 

A diameter of the heater used in this case is 
designed so that the heater would not contact with the 
crucible or discharge would not be caused even if the 
crucible rotated eccentrically, or the crucible or the 
heater deformed. A diameter of the heater is also designed 
to diminish the diameter as much as possible in 
consideration of thermal efficiency and cost of the 
apparatus. Therefore, a ratio between an inside diameter 
of the crucible and an inside diameter of the heater has 
always fallen within 1:1.15 - 1.22 in a conventional 
apparatus for producing a single crystal as shown in Fig. 2. 

Such a silicon single crystal produced by CZ method 
is mainly used to produce semiconductor devices. In recent 
years, semiconductor devices have come to be integrated 
higher and devices have come to be finer. Involved with 
the tendency that devices have come to be finer, a problem 
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of Grown-in defects introduced during growth of a single 
crystal has become more important. 

Hereafter, Grown-in defects will be explained with 
reference to Fig. 9. 

In the case of growing a silicon single crystal, when 
a growth rate of the crystal is relatively high, Grown-in 
defects such as FPD(Flow Pattern Defect) and COP (Crystal 
Originated Particle) , which are considered due to voids 
consisting of agglomerated vacancy-type point defects, 
exist at a high density over the entire radial direction 
of the crystal. The region where these defects exist is 
referred to as V (Vacancy) region. Furthermore, when the 
growth rate of the crystal is lowered, along with lowering 
of the growth rate, an OSF (Oxidation Induced Stacking 
Fault) region is generated from the periphery of the 
crystal in a ring shape. When the growth rate is further 
lowered, the OSF ring shrinks to the center of the wafer 
and disappears. When the growth rate is further lowered, 
defects such as LSEPD (Large Secco Etch Pit Defect) and 
LFPD (Large Flow Pattern Defect) , which are considered due 
to dislocation loops consisting of agglomerated 
interstitial silicon atoms, exist at a low density. The 
region where these defects exist is referred to as I 
(Interstitial) region . 

In recent years, a region containing no defects like 
FPD and COP due to vacancy as well as no defects like 
LSEPD and LFPD due to interstitial silicon atoms has been 
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found between the V region and the I region. This region 
is referred to as N (Neutral) region. 

It is considered that introduction amount of these 
Grown-in defects is determined by a parameter of V/G which 
is a ratio of a pulling rate V to a temperature gradient G 
at the solid-liquid interface (for example, see V. V. 
Voronkov, Journal of Crystal Growth, 59 (1982), 625-643). 
Therefore, by controlling the pulling rate V and the 
temperature gradient G to keep V/G constant, a single 
crystal occupied by N region over an entire plane in a 
radial direction in which defect region is excluded over 
an entire radial direction of the crystal can be pulled. 

On the other hand, a single crystal occupied by N 
region over an entire plane in a radial direction which 
has been demanded in recent years widely ranges from an 
extremely low-oxygen crystal containing oxygen at a 
concentration of 10 ppma (JEIDA: Japanese Electronic 
Industry Development Association Standard) or less to a 
high-oxygen crystal containing oxygen at a concentration 
of 18 ppma or more. Compared to the case of producing a 
high-oxygen crystal occupied by N region, a pulling rate 
tends to lower in the case of producing a low-oxygen 
crystal occupied by N region. For example, a pulling rate 
for pulling a single crystal occupied by N region over an 
entire plane in a radial direction containing oxygen at a 
concentration of 14 ppma lowers by about 10%, compared to 
a pulling rate for pulling a single crystal occupied by N 
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region over an entire plane in a radial direction 
containing oxygen at a concentration of about 15-16 ppma. 
Then, decrease of productivity resulting from that has 
been recognized as a problem. 

Especially, this tendency has been found in usual CZ 
method than in MCZ method. In CZ method, a heating center 
of a heater is commonly set to a higher position in 
comparison with raw material melt to achieve low oxygen, 
concentration, and at this time heat is kept in the 
crystal. Then, G of a parameter V/G for controlling defect 
tends to lower, and V also lowers to produce a single 
crystal occupied by N region over an entire plane in a 
radial direction with keeping V/G constant. 

In addition, there are parameters that can control 
oxygen concentration by changing the values of parameters 
besides a position of a heating center of a heater. 
However, because these parameters are often used to 
control defects when a single crystal occupied by N region 
over an entire plane in a radial direction is produced, 
the parameters usually can not be changed for controlling 
oxygen concentration. Therefore, development of a method 
that can improve productivity of a low-oxygen crystal 
occupied by N region has been desired. 

Disclosure of the Invention 

The present invention was accomplished in view of the 
aforementioned circumstances, and its object is to provide 
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a method and an apparatus for producing a single crystal 
in which a pulling rate for producing a low-oxygen crystal 
occupied by N region can be increased to improve 
productivity. 

The present invention was accomplished to achieve the 
aforementioned object, and there is provided a method for 
producing a single crystal by Czochralski method with 
pulling the single crystal from raw material melt in a 
crucible heated and melted by a heater, wherein the single 
crystal occupied by N region over an entire plane in a 
radial direction is produced with setting an inside 
diameter of the heater to be 1.26 or more times longer 
than an inside diameter of the crucible. 

As described above, in a method for producing a 
single crystal by Czochralski method, a single crystal 
occupied by N region over an entire plane in a radial 
direction is produced with setting an inside diameter of 
the heater to be 1.26 or more times longer than an inside 
diameter of the crucible, namely with setting an inside 
diameter of the heater to be longer than that of a 
conventional apparatus. Thereby, a single crystal occupied 
by N region over an entire plane in a radial direction can 
be pulled at high rate, and productivity of a single 
crystal can be improved. 

In this case, it is preferable that the single 
crystal is produced with setting an inside diameter of the 
heater to be 1.5 or less times longer than an inside 
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diameter of the crucible. 

As described above , by setting an inside diameter of 
the heater to be 1 . 5 or less times longer than an inside 
diameter of the crucible, consumption electric power of 
the heater can be reduced because thermal efficiency 
doesn't lower so much. Thereby, cost for producing a 
single crystal can be reduced. In addition, an apparatus 
doesn't need to be made large in size beyond necessity. 

In these cases, it is possible that the single 
crystal is produced so as to contain oxygen at the 
concentration of 14 ppma or less. 

As described above, in the production method of the 
present invention, a single crystal occupied by N region 
over an entire plane in a radial direction which contains 
oxygen at a low concentration of 14 ppma (JEIDA: Japanese 
Electronic Industry Development Association Standard) or 
less can be pulled at higher rate than in a conventional 
method, thereby productivity can be improved. 

In these cases, it is possible that the single 
crystal is pulled without applying a magnetic field to the 
raw material melt. 

As described above, the production method of the 
present invention achieves an effect particularly to 
produce a low-oxygen concentration single crystal occupied 
by N region over an entire plane in a radial direction 
without applying a magnetic field to the raw material melt. 

In these cases, it is possible that a silicon single 
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crystal is pulled as the single crystal. 

The production method of the present invention is 
particularly suitable for producing a low-oxygen silicon 
single crystal occupied by N region over an entire plane 
in a radial direction that has been difficult to produce 
at a high level of productivity in the past. 

In addition, the present invention provides an 
apparatus for producing a single crystal by Czochralski 
method, at least, comprising a crucible for containing raw 
material melt, a heater surrounding the crucible so as to 
heat and melt the raw material melt in the crucible, and a 
pulling means for pulling the single crystal from the raw 
material melt in the crucible, wherein an inside diameter 
of the heater is 1.26 or more times longer than an inside 
diameter of the crucible. 

As described above, in the apparatus for producing a 
single crystal by Czochralski method of the present 
invention, an inside diameter of the heater is 1.26 or 
more times longer than an inside diameter of the crucible, 
and an inside diameter of the heater is larger than that 
of a conventional apparatus. Thereby, for example, a low- 
oxygen single crystal occupied by N region over an entire 
plane in a radial direction can be pulled at higher rate, 
and produced at a higher level of productivity. 

In this case, it is preferable that an inside 
diameter of the heater is 1.5 or less times longer than an 
inside diameter of the crucible. 
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As described above, if an inside diameter of the 
heater is 1.5 or less times longer than an inside diameter 
of the crucible, thermal efficiency of the apparatus can 
be maintained and significant increase of consumption 
electric power of the heater can be prevented. In addition, 
the apparatus doesn't need to be made large in size beyond 
necessity. 

As mentioned above, according to the present 
invention, particularly a low-oxygen crystal occupied by N 
region can be pulled at high rate approximately equal to 
pulling a high-oxygen crystal occupied by N region. 
Thereby, a low-oxygen crystal occupied by N region can be 
produced without deteriorating productivity. In addition, 
as operation time reduces, pulling the crystal can be 
completed before a crucible has deteriorated. Then, a 
ratio of obtaining a single crystal improves. And, not 
only a pulling rate but also yield improves, thereby 
considerable cost reduction can be achieved. 

Brief Explanation of the Drawings 

Fig. 1 is an explanatory view of an example of an 
apparatus for producing a single crystal of the present 
invention. 

Fig. 2 is an explanatory view of an example of a 
conventional apparatus for producing a single crystal. 

Fig. 3 is a graph showing a relationship between a 
ratio of an inside diameter of a heater to an inside 
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diameter of a crucible , and a. pulling rate that can pull a 
single crystal occupied by N region over an entire plane 
in a radial direction in respect to a silicon single 
crystal with low oxygen concentration of 14 ppma. 

Fig. 4 is a graph showing a relationship between a 
ratio of an inside diameter of a heater to an inside 
diameter of a crucible , and a position of heating center 
of a heater. 

Fig. 5 is a graph showing a relationship between a 
ratio of an inside diameter of a heater to an inside 
diameter of a crucible , and a maximum temperature Tmax of 
raw material melt . 

Fig. 6 is a graph showing pulling rate of single 
crystals in the Examples and the Comparative Example. 

Fig. 7 is a graph showing oxygen concentration of 
single crystals in the Examples and the Comparative 
Example . 

Fig. 8 is a graph showing a range of a value of V/G 
and Tmax to obtain a single crystal occupied by N region. 

Fig. 9 is an explanatory view showing a relationship 
between a growth rate and a distribution of crystal 
defects . 

Best Mode for Carrying out the Invention 

Hereinafter, embodiments of the present invention 
will be explained in detail. 

The present inventors performed thorough 
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investigations as to conditions to produce a single 
crystal occupied by N region over an entire plane in a 
radial direction. Consequently, they have found that a 
maximum temperature Tmax (°C) at an interface between a 
crucible and raw material melt (a maximum temperature of 
raw material melt) besides a pulling rate V (mm/min) and a 
temperature gradient G (K/mm) at a solid-liquid interface 
is a parameter having an enormous effect on pulling a 
single crystal occupied by N region over an entire plane 
in a radial direction. And they have examined for a range 
of a value of V/G and Tmax to obtain a single crystal 
occupied by N region. Fig. 8 is a graph showing a range of 
a value of V/G and Tmax in which a single crystal occupied 
by N region over an entire plane in a radial direction can 
be obtained. As shown in Fig. 8, for example, it has been 
proposed that a single crystal can be pulled with 

controlling a value of V/G (mm 2 /K • min) within a range from 
-0.000724 x Tmax + 1.31 to -0.000724 x Tmax + 1.35 to 
surely produce a single crystal occupied by N region over 
an entire plane in a radial direction (see Japanese Patent 
Application No. 2003-135085) . 

Then, the present inventors have investigated for 
correlation between the value of V/G and Tmax. 
Consequently, they considered that even if, G lowers to 
some extent by positioning a heater at upper portion of 
raw material melt to obtain a single crystal with low 
oxygen concentration, by lowering a temperature Tmax of 
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the raw material melt , pulling rate V that can obtain a 
single crystal occupied by N region need not lower so much. 
And they have performed thorough experiments and 
simulations as to a furnace structure (hot zone: HZ) 
having such a thermal distribution. 

As a result, they have found that expansion of a 
diameter of a heater compared to a conventional apparatus 
has remarkable effect on satisfying both lowering 
temperature of raw material melt (then Tmax lowers, 
thereby a pulling rate can be increased.) and positioning 
a heating center of a heater at higher position (then 
oxygen concentration in a single crystal lowers) . They 
have also found that this method enables production of a 
low-oxygen single crystal occupied by N region over an 
entire plane in a radial direction at relatively higher 
rate even in usual CZ method without applying a magnetic 
field. 

As described above, in a conventional apparatus, a 
diameter of a heater compared to a diameter of a crucible 
has been designed to diminish as much as possible in 
consideration of thermal efficiency and downsizing an 
apparatus. Therefore, there have been no idea to set an 
inside diameter of a heater to be a large diameter of 1.26 
or more times longer than an inside diameter of a crucible. 

However, for example, let us consider the case of 
pulling a single crystal with satisfying a formula, 

V/G = -0.000724 x Tmax + 1.33 (1) 
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which tells in Fig. 8 a range that can pull a single 
crystal occupied by N region over an entire plane in a 
radial direction (See the dashed line in Fig. 8) . The 
formula leads to the following formula as to a pulling 
rate V. 

V = (-0.000724 x Tmax + 1.33) x G (2) 
In this case, if a heating center of a heater is 
positioned at upper portion of raw material melt to obtain 
a low-oxygen concentration crystal, heat is kept in the 
crystal and G lowers, thereby V also lowers. However, if 
Tmax is lowered by setting a heater to be larger than a 
crucible in diameter, a value in the parenthesis on right- 
hand side of the formula (2) becomes larger even if G 
decreases to some extent. Thereby, it is presumed that a 
value of pulling rate V can be increased. 

Then, the present inventors actually fabricated 
apparatuses with various ratios of an inside diameter of a 
heater to an inside diameter of a crucible, and performed 
experiments and simulations to examine for characteristics 
of the apparatuses. Fig. 4 shows distances from bottom of 
a crucible to a position of a heating center of a heater 
(a position of a maximum temperature in raw material melt) 
in a conventional apparatus whose ratio of an inside 
diameter of a heater to an inside diameter of a crucible 
is 1.19, and in an apparatus in which a diameter of a 
heater is expanded whose ratio of an inside diameter of a 
heater to an inside diameter of a crucible is 1.2 64. As 
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shown in Fig. 4, while a heating center of the apparatus 
whose ratio of an inside diameter of a heater to an inside 
diameter of a crucible is 1.19 is 32.01 cm from the bottom 
of the crucible, a heating center of the apparatus whose 
ratio of an inside diameter of the heater to an inside 
diameter of the crucible is 1.264 is 32.40 cm. Therefore, 
it is found that a heating center of a heater can be 
positioned at upper portion of raw material melt even in 
an apparatus in which a diameter of a heater is expanded, 
thereby a crystal with low oxygen concentration can be 
produced . 

On the other hand, Fig. 5 shows results of measuring 
Tmax of both apparatuses mentioned above. As shown in 
Fig. 5, while Tmax of the apparatus whose ratio of an 
inside diameter of a heater to an inside diameter of a 
crucible is 1.19 is 1514 °C, Tmax of the apparatus in which 
a diameter of a heater is expanded whose ratio of an 
inside diameter of a heater to an inside diameter of a 
crucible is 1.264 is 1483 °C, which turns out to be lower 
than the former by 31 °C. 

Consequently, it is found that expanding a ratio of 
an inside diameter of a heater to an inside diameter of a 
crucible to be larger than that of a conventional 
apparatus enables both lowering temperature of raw 
material melt (lowering Tmax) and positioning a heating 
center of a heater at upper portion. 

Then, the present inventors performed investigations 
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and examinations as to a pulling rate V that can pull a 
single crystal occupied by N region over an entire plane 
in a radial direction with apparatuses having various 
ratios of an inside diameter of a heater to an inside 
diameter of a crucible. Fig, 3 is a graph showing a 
relationship between a ratio of an inside diameter of the 
heater to an inside diameter of the crucible , and a 
pulling rate that can pull a single crystal occupied by N 
region over an entire plane in a radial direction in 
respect to a silicon single crystal with low oxygen 
concentration of 14 ppma . As shown in Fig, 3, it is found 
that a pulling rate V (mm/min) that can pull a single 
crystal occupied by N region increases when a ratio of an 
inside diameter of the heater to an inside diameter of the 
crucible is approximately 1.2 6 or more. Therefore, by 
setting a ratio of an inside diameter of the heater to an 
inside diameter of the crucible to be 1.26 or more, a low- 
oxygen crystal occupied by N region can be pulled at 
higher rate than conventional methods, thereby the crystal 
can be produced at a high level of productivity. 

Hereinafter, an apparatus and a method for producing 
a single crystal according to the present invention will 
be explained in detail with reference to the drawings. Fig. 
1 is an explanatory view of an example of an apparatus for 
producing a single crystal of the present invention. 

An apparatus 100 for producing a single crystal of 
the present invention has a heater 3, a crucible 2 for 
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containing raw material melt 9 therein, and a pulling 
means 7 for pulling a single crystal 12 with a wire 6 to 
which a seed holder 5 holding a seed crystal 4 at the tip 
is attached in a chamber 1, just like the above-mentioned 
apparatus in Fig. 2. And a heat insulating member 8 is also 
provided to keep desired temperature distribution around 
the single crystal 12 to be pulled. The feature of the 
apparatus 100 of the present invention is setting an 
inside diameter of the heater 3 to be 1.2 6 or more times 
longer than an inside diameter of the crucible 2 as shown 
in Fig.l. Therefore, a maximum temperature Tmax (°C) of 
raw material melt can be made lower than in a conventional 
apparatus, thereby a pulling rate V can be increased. 
Furthermore, a position of a heating center of the heater 
3 can be set at upper portion of the raw material melt 9, 
thereby a crystal with low oxygen concentration can be 
obtained. Therefore, a low-oxygen single crystal occupied 
by N region over an entire plane in a radial direction can 
be produced at a high rate. 

In addition, it is preferable to set an inside 
diameter of the heater 3 to be 1.5 or less times longer 
than an inside diameter of the crucible 2. Therefore, 
deterioration of thermal efficiency can be prevented and 
an apparatus doesn't need to be made large in size beyond 
necessity. Furthermore, in order to change V/G or Tmax to 
prescribed values, an upper heat insulating material 10 
above a heater to keep heat of upper portion of the heater 
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3, or a heat insulating crucible support 11 to keep heat 
under the crucible 2 may be provided as shown in Fig. 1. 

And, when a single crystal 12 is actually pulled with 
the apparatus 100, for example, a value of G or Tmax is 
controlled to be in a range that can obtain a single 
crystal occupied by N region over an entire plane in a 
radial direction in the above-mentioned Fig, 8. Then, a 
single crystal can be pulled with a pulling rate V that 
satisfies the conditions. 

(Example 1) 

A silicon single crystal occupied by N region over an 
entire plane in a radial direction with oxygen 
concentration of 13 ppma (JEIDA) was grown without 
applying a magnetic field to a raw material melt in an 
apparatus as shown in Fig.l, in which an inside diameter 
of a crucible was 538mm, an inside diameter of a heater 
was 680mm, and a ratio of an inside diameter of the 
crucible and an inside diameter of the heater was 1.2 64. 
The single crystal with low oxygen concentration was grown 
with a state of a thermal distribution in a furnace in 
which a distance between bottom of the crucible and a 
position of the maximum temperature in raw material melt 
(a heating center of the heater) was 32cm. At this time, 
the maximum temperature Tmax of the raw material melt was 
1483 °C, and a temperature gradient G at a solid-liquid 
interface was 20.1 [K/cm] . A pulling rate of the pulled 
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single crystal occupied by N region is shown in Fig. 6, 
and oxygen concentration of the crystal is shown in Fig. 7. 
As shown in Fig. 7, oxygen concentration of a straight body 
of the single crystal was low oxygen concentration of 
approximately 13 ppma. As shown in Fig. 6, an average 
pulling rate of the straight body of the single crystal 
was 0.515 [mm/min] . The pulling rate was the same as the 
case of which performed pulling a crystal with oxygen 
concentration of 15 ppma with the apparatus of the Example 
1. 

(Example 2) 

A single crystal occupied by N region over an entire 
plane in a radial direction with oxygen concentration of 
13 ppma was grown without applying a magnetic field to raw 
material melt in an apparatus as shown in Fig.l, in which 
an inside diameter of a crucible was 538mm, an inside 
diameter of a heater was 720mm, and a ratio of an inside 
diameter of the crucible and an inside diameter of the 
heater was 1.34. The single crystal with low oxygen 
concentration was grown with a state of a thermal 
distribution in a furnace in which a distance between the 
bottom of the crucible and a position of the maximum 
temperature in the raw material melt (a heating center of 
the heater) was 32cm. At this time, the maximum 
temperature Tmax of the raw material melt was 14 68 °C, and 
a temperature gradient G at a solid-liquid interface was 
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20.05 [K/cm] . A pulling rate of the pulled single crystal 
occupied by N region is shown in Fig. 6, and oxygen 
concentration of the crystal is shown in Fig. 7. As shown 
in Fig. 7, oxygen concentration of a straight body of the 
single crystal was low oxygen concentration of 
approximately 13 ppma. As shown in Fig. 6, an average 
pulling rate of the straight body of the single crystal 
was 0.535 [itim/min] . The pulling rate was the same as the 
case of which performed pulling a crystal with oxygen 
concentration of 16 ppma with the apparatus of the Example 
2. 

(Comparative Example) 

A single crystal occupied by N region over an entire 
plane in a radial direction with oxygen concentration of 
13 ppma was grown without applying a magnetic field to raw 
material melt in a standard apparatus as shown in Fig. 2, 
in which an inside diameter of a crucible was 538mm, an 
inside diameter of a heater was 64 0mm, and a ratio of an 
inside diameter of the heater and an inside diameter of 
the crucible was 1.19. The single crystal with low oxygen 
concentration was grown with a state of a thermal 
distribution in a furnace in which a distance between the 
bottom of the crucible and a position of the maximum 
temperature in raw material melt (a heating center of the 
heater) was 32cm. At this time, the maximum temperature 
Tmax of the raw material melt was 1514 °C, and a 
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temperature gradient G at a solid-liquid interface was 
20.2 [K/cm] . A pulling rate of the pulled single crystal 
occupied by N region is shown in Fig. 6, and oxygen 
concentration of the crystal is shown in Fig. 7. As shown 
in Fig. 7, oxygen concentration of a straight body of the 
single crystal was low oxygen concentration of 
approximately 13 ppma. However, as shown in Fig. 6, an 
average pulling rate of the straight body of the single 
crystal was low rate of 0.47 (mm/min) . 

In addition, the present invention is not limited to 
the embodiment described above. The above-described 
embodiment is mere an example, and those having 
substantially the same structure as technical ideas 
described in the appended claims and providing the similar 
functions and advantages are included in the scope of the 
present invention . 

For example, the present invention is applicable 
regardless of absolute values of diameter of a crucible 
and a heater. Especially, the diameter will become much 
larger in the days to come and it is presumed that a 
temperature of crucible wall will become higher. In such a 
case, the present invention can be applied more 
effectively. 
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